Objective-Before the advanced evaluation of deglutition and selection of a treatment method, objective screening methods are necessary for patients with dysphagia. In this study a new electroclinical test was established to evaluate patients with dysphagia. Methods-This test is based on determining piecemeal deglutition; which is a physiological phenomenon occurring when a bolus of a large volume is divided into two or more parts which are swallowed successively. The combined electrophysiological and mechanical method used to record laryngeal movements detected by a piezoelectric transducer, and activities of the related submental integrated EMG (SM-EMG)-and sometimes the cricopharyngeal muscle of the upper oesophageal sphincter (CP-EMG)-were performed during swallowing. Thirty normal subjects and 66 patients with overt dysphagia of neurogenic origin were investigated after detailed clinical evaluation. Twenty patients with a potential risk of dysphagia, but who were normal clinically at the time of investigation, were also evaluated to determine the specificity of the test. All subjects were instructed to swallow doses of water, gradually increasing in quantity from 1 ml to 20 ml, and any recurrence of the signals related to swallowing within the eight seconds was accepted as a sign of dysphagia limit. Results-In normal subjects as well as in the patients without dysphagia, piecemeal deglutition was never seen with less than 20 ml water. This volume was therefore accepted as the lower limit of piecemeal deglutition. In patients with dysphagia, dysphagia limits were significantly lower than those of normal subjects. Conclusion-The method is a highly specific and sensitive test for the objective evaluation of oropharyngeal dysphagia even in patients with suspected dysphagia of neurogenic origin. It can also be safely and simply applied in any EMG laboratory.
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Various aspects of piecemeal deglutition are unknown. First of all what is the upper limit of the amount of material that can be swallowed in one portion in normal adult subjects? So far, this has not been determined. Therefore one aim of the study was to delineate the upper limit of amount of liquid that is swallowed as one portion in the normal population and in patients with overt and suspected dysphagia, and to establish any difference between the two groups. It was hoped that this may provide a useful test for the evaluation of patients with dysphagia.
The second aim was to understand which mechanism underlies the phenomenon of piecemeal deglutition. There is no known satisfactory explanation as to which physiological factors are involved, but some ideas are put forward based on our clinical and electrophysiological findings.
Although they are different from each other in the clinical sense, we generally preferred to use of the term "dysphagia limit" instead of "piecemeal deglutition" because, even in some normal subjects "a kind of choking sensation" was experienced if they attempted to drink or to swallow the larger amounts of water used.
A preliminary account of this study has been reported elsewhere.2 Materials and methods Investigations were made on 30 normal adult subjects (10 women, 20 men) most of whom were hospital staff and colleagues who did not have any oropharyngeal or gastrointestinal problems. They ranged in age from 20 to 71 (mean age 43T0 (SD 17 6)).
Sixty six patients with overt dysphagia or suspected dysphagia were investigated both clinically and electrophysiologically. The patients ranged in age from 20 to 82 (mean age 55-7 (SD 17 3)). Overt dysphagia is defined when the patient needs a nasogastric catheter. The term suspected dysphagia is used for the patients who describe dysphagic complaints' but who can still swallow without any auxillary aid. Another group of 20 patients with neurological disorders (10 women, 10 men, mean age 46-9 (SD 14 2), age range Because the SM-EMG activity coincided with the laryngeal upward movement, the rectified-integrated SM-EMG activity was also time locked to the laryngeal sensor signals. The total sweep time was set at 10 seconds and the delay line was started two seconds after the onset of the single sweep of the oscilloscope. Therefore after an amount of water was drunk, the effect of the bolus was followed up for eight seconds. Occasionally, an analysis time of 18 seconds was used.
Normal control subjects and patients were each given 1, 3, 5, 10, 15, and 20 ml of water in a stepwise manner, and began to swallow immediately after being instructed to do so by the examiner. After the water was delivered into the mouth by a graduated syringe; swallows were initiated with the water positioned on the tongue 
Results
As all signals were time locked and stabilised on the screen by triggering the oscilloscope with the leading edge of first deflection, it became possible to determine whether the amount of the liquid was swallowed at once, or divided into two parts, or aspirated during a period of eight seconds after the first deglutition. Figure 1 shows the swallowing behaviour of a normal subject for different amounts of bolus from 1 ml to 20 ml. Whatever the amount of water drunk, there was no piecemeal deglutition and all water was swallowed at one go at the beginning of the oscilloscopic traces within eight seconds. The duration between the onset points of the two sensor signals and the duration of the SM-EMG increased with the increase of the bolus volume. This is a well known phenomenon related to the longer relocation time of the larynx and the longer lasting pulling effect of the submental muscles with larger bolus volume. In all normal subjects, piecemeal deglutition was never found within the amount of 20 ml water swallowed. But with more than 20 ml water, some normal subjects could not swallow the material all at once and the bolus volume was divided into two aliquots and successively swallowed (fig 2) . In the normal subject depicted in fig 2, 10 10 Polymyositis dermatomyositis ( tVolumes (20 ml or more) swallowed at one go, same as in normal subjects. tMainly vertebrobasilar infarction (12). §Parkinson's disease (nine cases); oromandibular dystonia (two); Huntington's ALS = amyotrophic lateral sclerosis; + = with dysphagia; -= without dysphagia.
limit" was used even for the normal subjects.
In the range of 25-40 ml, the amount of water which could not be drunk in one bolus varied from subject to subject, and whenever piecemeal deglutition was found, the subject experienced some kind of unpleasant sensation, although liquid was never aspirated. In all but three of the 66 patients with overt or suspected dysphagia; the dysphagia limits were consistently lowered, by between 20 ml and 1 ml (fig 3) . The dysphagia limits were severely reduced to 1 ml water in patients fed by nasogastric tube. In the patients with suspected dysphagia but who were still feeding without aid, dysphagia limits were lowered to 1 ml-20 ml with a peak of 10 ml. Another qualitative feature of "piecemeal deglutition" in dysphagic patients was that the divided amounts swallowed were considerably sepa- rated from each other in time and often divided into more than two swallows (fig 4) . An important finding was the occurrence of laryngeal aspiration during the piecemeal deglutition with amounts of water less than 10 ml, especially in patients with overt dysphagia and with nasogastric catheters. This has sometimes been recorded clinically and graphically ( fig 5) .
In 20 patients without dysphagia, dysphagia limits were the same as the normal control groups (table) . These patients could all easily swallow the different amounts of water including the 20 ml dose. They had recovered from the dysphagic period in the course of their diseases for example, myasthenia gravis, stroke, or polymyositis-or they had shown no dysphagia up to the present investigation as in three patients with amyotrophic lateral sclerosis without bulbar symptoms and in some patients with Parkinson's disease.
The specificity and sensitivity of this method were 100% and 95 4% respectively. The method of "dysphagia limit" seemed to be useful in following up the patient's dysphagia. Dysphagia limits rose into the normal range as patients recovered (fig 6) .
Discussion
The objective evaluation of dysphagia is important for the selection of a treatment method.' Videofluoroscopic and manometric evaluations may be indicated for such patients, but these methods are expensive and time consuming, and care of the neurologically impaired patient during examination is sometimes difficult. It has therefore been necessary to develop clinical screening methods to identify patients with suspected or established dysphagia who are at risk of aspiration. The bedside swallowing evaluation has long been criticised for its lack of accuracy for patients with dysphagia and aspiration. It has been reported that even the most experienced clinicians fail to identify about 40%-50% of aspi-rating patients during a bedside examination.' 8 It was recently found that several clinical factors correctly predict about two thirds of both those who aspirate and those who do not. 9 Some simple screening tests have recently been developed for use before further radiological, manometric, and advanced electrophysiological evaluation of deglutition in patients with overt or suspected dysphagia and silent aspiration.8 [10] [11] [12] [13] [14] Most of these tests usually depend on clinical findings and subjective evaluations while patients are drinking a cup of water varying considerably in amount from 50 ml to 200 ml. Basically, careful observations were made of the timing of swallowing or the amount swallowed, or laryngeal movements were counted for each swallow, using a stopwatch and a medicine container. Clinical results such as coughing and signs of aspiration were noted. These methods proved to be somewhat better than bedside examination for evaluation and diagnosis of dysphagia; but they have not approached the diagnostic value of videofluoroscopy for example. Besides this; continuous drinking of such a large amount of water in patients with overt or silent aspiration or in uncooperative patients may carry some risks. Therefore these methods could not be easily performed in such patients. Increasing amounts of water up to a teaspoonful as tolerated by the patient's capabilities have been judged by an examiner in one study.8 This method is similar to ours in respect of presentation of water step by step in increasing amounts. This technique is safer than others mentioned above.
In our method of diagnosis by "dysphagia limit" there is a combination of both clinical and electrophysiological tests for drinking behaviour. Therefore the results are objective, recordable, and obviously repeatable at any time. Due to the gradual increase of the quantity of water, from 1 ml to 20 ml, which are considerably smaller amounts than in the other water drinking tests except those of Splaingard et al,8 the method is safer and could also be used for the patients with overt dysphagia. Both sensitivity and specificity of this method are very high (100% specific and 95-4% sensitive), and the dysphagia limits were below 20 ml in all but three of 66 patients with overt dysphagia or suspected dysphagia in whom clinical longitudinal studies showed the problem of dysphagia becoming overt. On the other hand; clinically normal patients without dysphagia at the time of investigation and normal subjects were capable of drinking an amount of 20 ml or more. As a result; the clinical/electrophysiological method of "dysphagia limit" can be a rapid, specific and sensitive test for diagnosing oropharyngeal dysphagia with neurogenic origin.
What is the mechanism for piecemeal deglutition and dysphagia limits? It is well known that when oropharyngeal swallowing is impaired but compensated, such patients could change their eating habits-that is, frequent small meals make eating easier, and the patient may reduce the individual bolus size. Swallowing for a second time with each bolus helps to clear retained material from the pharynx.'5 Besides the voluntary compensations for impaired swallowing of which the patient may be aware, the compensation is also "involuntary"-that is, it takes place through adjustments in the swallowing apparatus itself.'5 Thus patients with a subclinical swallowing impairment may subconsciously alter the consistency of ingested food and the speed of eating and drinking and there may be no overt symptoms of dysphagia. 16 Occasionally, abnormal deglutition occurs physiologically even in healthy young adults.'7 Indeed, most of our normal control subjects could not easily tolerate more than 20 ml water. Above their tolerance level they swallowed twice but successively. Therefore there must be a physiological limit for the volume of each swallow. It has been reported that a normal single swallow of water for an adult averages about 17 ml, varying from 14 ml for women to 21 ml for men.'8 These results are very close to our upper limit of 20 ml for each swallow in both sexes of normal adults.
A high density of mechanical or chemical receptors implicates the tongue as the main sensory region for determining the size of the bolus.'920 This kind of sensation in the tongue and the other tissues around the entrance of the pharynx could be important for piecemeal deglutition because the entrance of the oropharyngeal region can cause an adjustment in the neural mechanism according to the size of bolus, dividing it into two pieces. Thus the peripheral determinants of bolus size could give rise to a very important fast peripheral feedback mechanism that would affect the central motor programme of swallowing in the brainstem.
This opinion is supported by the SM-EMG, which did not usually change in shape or size as piecemeal deglutition occurred. However, this proposed mechanism probably could not operate in the case of purely muscular disorders with dysphagia, because there were no known abnormalities related to oral sensation in these patients. They may not have had a strong capability to keep or to drive the bolus in one portion, even in small sizes; therefore, some escaped bolus pieces could stay in oral or pharyngeal spaces and be swallowed involuntarily some considerable time after the first swallow. Therefore, the successively occurring two or more swallows for one bolus would have longer intervals in cases of oropharyngeal dysphagia.
The swallowing centre is defined as a group of neurons the coordinated action of which produces a stereotyped response. Three properties exist for the functional centre. 20 (1) The neurons of the centre are triggered into action by a specific sensory pattern suggesting an afferent portal of the centre.
(2) The inherent organisation of these neurons reproduces the patterned response through effective inhibition and excitation of motor neurons. ( 3) The neurons of the centre have a preemptory command of the motor neurons that
